To our knowledge, an observational study on the remission of type 2 diabetes mellitus (T2DM) after different types of bariatric surgery based on data from general practice has not been carried out.
linked with more deaths worldwide than underweight status. Raised body mass index (BMI, calculated as weight in kilograms divided by height in meters squared) is a major risk factor for diseases such as cardiovascular diseases, diabetes mellitus (DM), musculoskeletal disorders (such as osteoarthritis), and some cancers. 1 For inducing weight loss, bariatric surgery is more effective than pharmacotherapy or lifestyle interventions. 2, 3 Several bariatric procedures are available including laparoscopic adjustable gastric banding, Roux-en-Y gastric bypass, sleeve gastrectomy, and biliopancreatic diversion. 2, 3 Bariatric surgery is not only a weight reduction therapy, but also reduces obesity-related complications such as DM, hypertension, and hyperlipidemia. 3, 4 Improvement of comorbidities after bariatric surgery is shown by a reduction in use of medication. [5] [6] [7] As much as 23% of patients with morbid obesity have had type 2 DM (T2DM). 8 Bariatric surgery effectively prevents and treats T2DM. 4 Surgical treatment for obese patients may be considered an additional treatment option for the management of T2DM. 9 Previously, the International Diabetes Federation developed a position statement on bariatric surgery in T2DM, intending to create awareness of other treatment options in T2DM. 10 In this statement, criteria were set for remission or optimal metabolic state and substantial improvement of DM. So far, 5 randomized clinical trials have shown the superiority of surgery over medical care. In all trials, different surgical techniques were used: gastric banding, 11 Roux-en-Y gastric bypass, 12, 13 Roux-en-Y gastric bypass and biliopancreatic diversion, 14 and gastric bypass and sleeve gastrectomy. 15, 16 In a systematic review, Meijer et al 17 showed that glycemic control improved in the months after laparoscopic gastric banding; however, after Roux-en-Y gastric bypass surgery, improvements were more rapid and complete. They found that both types of surgery are capable of improving or curing T2DM, but they suggested that the underlying mechanisms may differ. 17 Whether bariatric surgery is as successful in real-life situations as it is in well-controlled studies is as yet not known. To our knowledge, an observational study on the remission of T2DM, defined as a combination of discontinuation of antidiabetic medication and normalization of hemoglobin A 1c (HbA 1c ) levels, after different types of bariatric surgery based on data from general practice has not been carried out yet. The objectives of this study were to assess (1) the effect of different types of bariatric surgery in patients with T2DM on the chance for DM remission in comparison with morbidly obese patients with T2DM who did not have surgery and (2) the effect of the type of bariatric surgery on improvement of HbA 1c level and related clinical parameters.
Methods

Data Source
Information for this retrospective cohort study, conducted from May 2013 to May 2014, was obtained from the Clinical Practice Research Datalink (CPRD). The CPRD consists of the computerized medical records of 10 million patients under the care of general practitioners in the United Kingdom. These data include the patients' demographic information, prescription details, clinical events, preventive care provided, specialist referrals, hospital admissions, and major outcomes. This database contains the data of approximately 8% of the UK population and is representative for the total UK population. It has been the source for numerous epidemiologic studies in previous years and the accuracy and completeness of these data have been well documented and validated. [18] [19] [20] [21] [22] [23] The protocol for the current study was approved by the CPRD Independent Scientific Advisory Committee (protocol 13_015). Patient consent was waived because only anonymized data from the CPRD were used.
Study Population
We selected all patients who underwent bariatric surgery between January 2005 and August 2012 with a BMI of at least 35 at any time before surgery. We assessed the prevalence of T2DM, defined as having at least 1 noninsulin antidiabetic drug (NIAD) prescription in the 6 months before surgery, as well as NIAD use over time. Noninsulin antidiabetic drugs were stratified by type (ie, metformin, sulfonylurea, glitazones, dipeptidyl peptidase 4 inhibitors, glucagon-like peptide 1 agonists, and other). Individuals with a record of polycystic ovary syndrome treated with metformin during the study period were excluded. The index date was defined as the date of bariatric surgery. For each patient in this cohort, we selected up to 4 control patients with T2DM without bariatric surgery, who were matched by age at date of surgery (in increments of 1 year to a maximum of 5 years), sex, and BMI (up to a difference of 10%). Control patients were only eligible if they had an NIAD prescription in the 6 months before the index date.
Exposure
The exposure of interest was bariatric surgery, stratified by type of surgery (ie, gastric banding, Roux-en-Y gastric bypass, sleeve gastrectomy, or other/unknown). The type of surgery was assessed by reviewing CPRD medical codes.
Study Outcomes
Our primary study outcome was remission of T2DM after the index date. Remission was defined as a complete discontinuation of all NIADs and insulin, accompanied with a subsequently recorded HbA 1c value of less than 6.0% (42 mmol/mol; to convert to proportion of 1.0, multiply by 0.01). To evaluate complete discontinuation, patients had to have at least 6 months of follow-up after the last NIAD/ insulin prescription, with at least 1 recording of HbA 1c level less than 6.0%. If this interval was less than 6 months, the patient was not identified as having a complete discontinuation. Patients were censored if they died, moved out of the practice area before remission of T2DM, or if the study period had ended. For our secondary outcome, we evaluated the change in diabetes-related clinical tests, including HbA 1c , blood
Covariates
With the exception of age, confounders were assessed at baseline (not in a time-dependent manner, as this may be in the causal pathway). These confounders included age, BMI, socioeconomic status, HbA 1c level, duration of T2DM prior to bariatric surgery, switch to insulin in the year before surgery, and use of antidepressants, systemic glucocorticoids, β-blockers (stratified by cardioselectivity), antipsychotics (stratified by typical/atypical classification), and insulin in the 6 months before. Duration of T2DM prior to bariatric surgery was assessed by reviewing both NIAD prescriptions and T2DM READ codes, the standardized clinical terminology system used in UK general practice. We considered a switch to insulin in the year before surgery and the use of more than 1 NIAD in the previous 6 months as potential confounders because these may indicate progression of T2DM.
Statistical Analysis
We compared T2DM remission rates in bariatric surgery patients vs matched nonbariatric patients with diabetes. The analyses were fully adjusted using Cox regression, and relative rates (RRs) were calculated using SAS version 9.2 (SAS Institute). Bariatric surgery patients were further stratified according to the type of surgery, time since surgery, age at index date, sex, the number of unique NIADs at baseline, and the use of insulin before surgery. The timing of T2DM remission was visualized using Kaplan-Meier plots. Changes in T2DM-related laboratory values were displayed in relation to time since bariatric surgery.
Results
A total of 2978 bariatric surgery patients with a BMI value of at least 35 met our inclusion criteria (eTable 1 in the Supplement). Among these patients, 19 .1% had been prescribed an NIAD in the 6 months before surgery and were, therefore, classified as patients with T2DM. Most of these patients were taking metformin (93.2%), and 25.0% of the patients with T2DM using an NIAD also used insulin at baseline. eTable 2 in the Supplement displays the results of T2DM-related clinical recordings by the general practitioner in patients with T2DM who underwent bariatric surgery. At baseline (within 6 months before the index date), the rate for recording for HbA 1c level was 54.5%; for blood glucose level, 31.3%; for total cholesterol level, 54.8%; for triglyceride level, 42.2%; for blood pressure, 74.9%; and for BMI, 100% (case definition). In general, the rates for recording tended to go down when the time beyond bariatric surgery increased. At baseline, similar rates for recording were found for patients with T2DM who did not undergo bariatric surgery, with higher rates for recording during follow-up (eTable 3 in the Supplement).
We identified a total of 569 bariatric surgery patients with T2DM and 1881 age-, sex-, and BMI-matched nonbariatric surgery control patients with T2DM ( Table 1) . The mean age was 50.9 years for bariatric surgery patients and 52.2 years for control patients. Most patients were female: 66.8% among bariatric surgery patients and 65.0% among matched control patients. Control patients tended to be less obese (BMI: 42.8) compared with bariatric surgery patients (BMI: 45.9). Hemoglobin A 1c and blood glucose levels at baseline were similar between bariatric surgery patients and control patients. More patients with T2DM undergoing bariatric surgery used insulin (25.0%) compared with control patients (14.5%). Within each matched set, there were no differences in age and sex, and BMI did not differ more than 10% between the bariatric surgery and matched control patients.
Per 1000 person-years, 94.5 T2DM remissions were found in patients who underwent bariatric surgery compared with Figure 1 ). The greatest effect size was observed for gastric bypass (adjusted RR, 43.1; 95% CI, 19.7-94.5), followed by sleeve gastrectomy (adjusted RR, 16.6; 95% CI, 4.7-58.4) and gastric banding (adjusted RR, 6.9; 95% CI, 3.1-15.2). Diabetes remission developed mostly during the first year after bariatric surgery and in patients aged 40 years or older at the time of surgery.
In Figure 2 , for all patients, the distributions of time of follow-up and the time between bariatric surgery or index date and latest recording of HbA 1c level are shown. The mean time of follow-up was the same for bariatric surgery patients and for patients who did not undergo surgery (2.4 years) (Table 1) . Table 3 shows the trends of T2DM-related parameters after gastric banding, gastric bypass, or sleeve gastrectomy. Body mass index and HbA 1c , blood glucose, triglyceride, and blood pressure levels sharply decreased during the first year after bariatric surgery. Thereafter, decreases of most parameters tended to attenuate. In contrast, total cholesterol level did not decrease after bariatric surgery. In all bariatric surgery patients, the use of statins decreased from 22.4% before surgery to 14.3% 5 years after surgery (eTable 1 in the Supplement); the use of antihypertensive drugs decreased from 36.6% before surgery to 26.7% 5 years after surgery.
According to the British guidelines and the Quality and Outcomes Framework for Diabetes, patients should be monitored for HbA 1c and glucose levels every 15 months. 24 In our study population, 87% of patients with T2DM indeed had at least 1 HbA 1c recording in the 15 months after the index date. In the 15 months thereafter, the HbA 1c recording rate dropped slightly to 78%.
Discussion
The present study found that bariatric surgery is associated with remission of T2DM. We found an 18-fold increased chance of T2DM remission after bariatric surgery in comparison with patients not undergoing surgery, with the greatest effect size observed for gastric bypass (adjusted RR, 43.1), followed by sleeve gastrectomy (adjusted RR, 16.6) and gastric banding (adjusted RR, 6.9). The largest decreases in HbA 1c and blood glucose levels were observed in the first 2 years after bariatric surgery. Copyright 2015 American Medical Association. All rights reserved.
To our knowledge, this is the first population-based study to investigate the remission rate of T2DM in patients who underwent bariatric surgery in comparison with matched patients with T2DM without surgery using data from medical records from general practitioners. The results of our study are comparable with those of a systematic review and meta-analysis of randomized clinical trials on bariatric surgery vs nonsurgical treatment for obesity by Gloy et al. 25 They found that after bariatric surgery, patients had a higher remission rate of T2DM (relative risk, 22.1 for 4 studies; complete case analysis) compared with nonsurgical treatment. However, different definitions for T2DM remission were used. We used strict criteria for the definition of remission of T2DM. In our study, gastric banding had a smaller effect on T2DM remission than gastric bypass and sleeve gastrectomy. This is in agreement with the results of a review by Buchwald et al. 26 They found that T2DM resolution was greatest for patients undergoing biliopancreatic diversion/ duodenal switch, followed by gastric bypass, gastroplasty, and then laparoscopic adjustable gastric banding. 26 Results from a review on long-term follow-up after bariatric surgery by Puzziferri et al 27 also showed that gastric bypass has better outcomes for T2DM control and remission than gastric band procedures. Although we found a relative difference in T2DM remission in patients after gastric bypass and sleeve gastrectomy, the results are comparable (adjusted RR, 43.1; 95% CI, 19.7-94.5 vs adjusted RR, 16.6; 95% CI, 4.7-58.4).
The field of bariatric surgery is continuously evolving with global and regional trends. In a study to describe national trends in bariatric surgery in England, Burns et al 28 found that between April 2000 and March 2008, 6953 primary bariatric procedures were carried out. Of these operations, 52.5% were gastric band procedures, 45.9% were gastric bypass procedures, and 2% were sleeve gastrectomy procedures. In the past, in Europe, gastric banding was a more commonly applied procedure in bariatric surgery. 29 Therefore, in our study, patients with gastric banding had a longer period of follow-up after surgery than patients with gastric bypass or sleeve gastrectomy. Although the number of sleeve gastrectomy operations in the United Kingdom is rising, this type of surgery is less prevalent than in other countries. 29 Among patients undergoing bariatric surgery, we found a prevalence of 19.1% for T2DM, based on prescription of an NIAD in the 6 months before surgery. In our study, we excluded patients only using insulin because most of these patients will have type 1 DM. Thus, the real prevalence for T2DM in our study population may be slightly higher than 19.1% and comparable with the prevalence of known diabetes (23%) in morbidly obese patients reported by Hofsø et al. 8 Similar prevalences were found by Crémieux et al In our study, the use of NIADs decreased from 19.1% to 8.4% 2 to 3 years after bariatric surgery. Crémieux et al 7 reported a decrease in the use of oral antidiabetics from 16.3% to 4.0% on average 3 years after bariatric surgery. However, as several types of gastric bypass surgery were used in more than 85% of the patients included in their study, their results should not be compared with results from our study population in which gastric banding was more common.
One of the strengths of this study was the use of data from the medical records of patients under the care of general practitioners, as registered in the CPRD, representative for the total UK population. Previously, Booth et al 30 used the CPRD database in a population-based matched cohort study on the incidence of T2DM after bariatric surgery. They found that bariatric surgery was associated with reduced incidence of clinical diabetes after surgery in obese patients without diabetes at baseline. 30 Other strengths of this study included a strict definition of remission of diabetes including cessation of all diabetic medication and HbA 1c level less than 6.0% after at least 6 months of follow-up and mean follow-up of 2.4 years. In addition, this study had a nonsurgical, comparable control group. Results of our population-based study with inclusion of patients who underwent different types of bariatric surgery may better reflect daily practice than results from randomized clinical trials. Our study had several limitations. In the CPRD, data are recorded in primary care. Data from secondary or intermediary services (eg, hospitals and private clinics) may be incompletely ascertained. There may also be a discrepancy between the patient's actual use of medication and the use as recorded in the database. Also, the recording of clinical and laboratory tests was far from complete. However, these limitations apply to both the surgical and the control patients in this study. Although the rates for recording clinical and laboratory tests (eTable 2 and eTable 3 in the Supplement) do not suggest that patients with T2DM who underwent bariatric surgery were checked for HbA 1c more frequently than patients with T2DM who did not undergo surgery, we cannot exclude, however, the possibility of different intensity of follow-up (ie, more motivational support by the general practitioner) between surgical and nonsurgical patients. Moreover, bariatric surgery patients may indeed be more compliant and motivated, for which we could not adjust.
With the present study, using a strict definition of remission of T2DM, the benefit of bariatric surgery in improving glycemic control as well as remission of T2DM was confirmed by data from primary health care records.
Conclusions
Data from a very large UK primary health care database show that bariatric surgery increases the chance of remission of T2DM. Gastric bypass and sleeve gastrectomy show higher remission rates compared with gastric banding. The largest decreases in HbA 1c and blood glucose levels were observed in the first 2 years after bariatric surgery.
Although the risks and possible adverse effects of surgery should be weighed against its benefits, bariatric surgery and, in particular, gastric bypass or sleeve gastrectomy may be considered a realistic treatment option for T2DM in patients with a BMI of 35 or greater.
